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osting by EAbstract This study was designed to assess the effect of green tea, an aqueous extract of Camellia
sinensis, on the oxidative stress, antioxidant defense system and liver pathology of Schistosoma man-
soni-infected mice. Green tea at concentration of 3% (w/v) was given orally to treated mice as sole
source of drinking water from the end of the 4th week to the end of 10th week post-infection;
untreated mice were allowed to drink normal water. The data of the studied S. mansoni-infected
mice exhibited a suppression of hepatic total antioxidant capacity, superoxide dismutase (SOD),
catalase (CAT) activity and glutathione content. The liver lipid peroxidation was deleteriously ele-
vated in S. mansoni-infected mice. The hepatic total protein content, AST and ALT activities were
profoundly decreased in the S. mansoni-infected mice. Most hepatocytes were damaged and showed
abnormal microscopic appearance with aggressive necrosis. Both total protein and glycogen levels
have been greatly reduced as indicated by histochemical examination. The treatment of S. mansoni-
infected mice with green tea succeeded to suppress oxidative stress by decreasing the lipid peroxides
but failed to signiﬁcantly enhance the antioxidant defense system and deteriorated changes owing to55759031.
(A.A. Shati).
y. Production and hosting by
Saud University.
lsevier
362 S.M. Bin Dajem et al.liver damage and necrosis. In consistence with biochemical data, histopathological and histochem-
ical data indicated that treatment of S. mansoni-infected mice with green tea could ameliorate hepa-
tocytes thus reduce cellular necrosis and partially restore both total protein and glycogen levels.
Thus, the study concluded that the green tea suppresses the oxidative stress through its constituent
with free radicals scavenging properties rather than through the endogenous antioxidant defense
system.
ª 2011 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
Despite the strenuous control efforts, schistosomiasis remains
to be a tropical disease that ranks with malaria and tuberculo-
sis as a major source of morbidity affecting approximately 210
million people in 76 countries of the world (Steinmann et al.,
2006). In sub-Saharan Africa alone, approximately 280,000
deaths per annum are attributable to schistosomiasis (van
der Werf et al., 2003). The repeated chemotherapy of schisto-
somiasis in endemic areas has resulted in the emergence of
drug-resistant schistosome strains (Ismail et al., 1999; Lawn
et al., 2003). The development of such resistance has drawn
the attention of many authors to alternative drugs. Many
medicinal plants such as plant quinghao Artemisia anmia (Ab-
del Aziz and El-Badawy, 2000), garlic Allium sativum (Riad
et al., 2007, 2008), wild carrots Daucus carota (Shalaby
et al., 1999), jungle weed Combretum sp. (McGaw et al.,
2001), myrrh Commiphora molmol (Massoud, 1999), ginger
Zingiber ofﬁcinale (Sanderson et al., 2002), hound’s berry or
night shade Solanum nigrum (Ahmed and Rifaat, 2005) and
the crude oil of black-seed Nigella sativa (EL-Qadri and
Emara, 1994; Mostafa, 2001; Mahmoud et al., 2002;
Mohamed et al., 2005) were studied to investigate their antis-
chistosomal potency and were found to be effective.
Green tea (Camellia sinensis) is being used for several med-
ical purposes and its activities have been observed in various
experimental models (Moyers and Kumar, 2004). This plant
contains a number of polyphenolic compounds, collectively
termed catechines, epicatechin gallate, and epigallocatechin
gallate (EGCG). EGCG accounts approximately 50% of total
amount of catechains; these compounds belong to ﬂavan-3-ols
family (Crespy and Williamson, 2004; Fujiki, 2005; Paveto
et al., 2004). These compounds are known to have a broad
spectrum of biological activities such as antioxidant and anti-
viral (Fassina et al., 2002), anticancer (Crespy and Williamson,
2004; Fujiki, 2005), antibacterial (Sakanaka et al., 2000), anti-
fungal (Li et al., 1999), anticoccidial (Jang et al., 2007; Taha
et al., 2006), antitoxoplasmal (Ryu, 1982), antitrypanosomal
(Paveta et al., 2004), antinematodial (Molan et al., 2004) and
antihelminthic (Taha et al., 2006). Moreover, the molluscicidal
and larvicidal activities of green tea against intermediate host
and free larvae of Schistosoma mansoni and Schistosoma
haematobium were demonstrated (Mostafa et al., 2007).
Many studies have been undertaken to evaluate the effect of
unisexual infection on murine schistosomiasis model at differ-
ent levels including histopathological investigations (Baki and
Grimaud, 1985; Cheever et al. 1997; Baki et al., 1998; Boissier
et al., 2003), resistance of mice to secondary schistosome infec-
tion (Dean et al., 1978), enzymes activities (Cha et al., 1980)
and worm development (Khalil and Mansour, 1995; Mach-
ado-Silva et al., 2003).This study was performed to evaluate the ameliorative
effects of green tea in the liver of mice infected with female uni-
sexual infection of S. mansoni through measurement of some
physiological parameters and determination of some histopa-
thological alterations.
2. Materials and methods
2.1. Parasite and experimental animals
Biomphalaria alexandrina snails shedding unisexual female
S. mansoni cercariae were supplied by the Schistosome Biolog-
ical Supply Program (SBSP) at Theodor Bilharz Research
Institute, Imbaba, Giza, Egypt. Male albino mice of Balb/C
strain, weighing 18–22 g for each, were obtained from the ani-
mal house of Biology Department, Faculty of Science, King
Khaled University, Abha, Saudi Arabia. Ethical approval
was obtained from the College of Science ethical committee,
King Khalid University. The animals were given access to
water and standard diet and were monitored daily for health
status.
2.2. Experimental design
In the present study, thirty two mice were used and divided
into four groups, eight mice each. Group A was kept without
infection or treatment and served as control for biochemical
studies. Group B was non-infected and treated with green
tea. Group C was infected with S. mansoni cercariae and
non-treated. Group D was infected with S. mansoni cercariae
and treated with green tea. Infected mice were exposed to
100 ± 10 unisexual female S. mansoni cercariae per mouse
by the tail immersion method, modiﬁed by Oliver and Stirew-
alt (1952).
Green tea was extracted using the method described by
Hamden et al. (2008) with few modiﬁcations. Brieﬂy, three
grams of green tea were covered with 100 ml boiling water
for 5 min; the resulting extract was passed through ﬁlter paper
to free the extract from insoluble material. This solution repre-
senting 3% was given orally to treated mice as sole source of
drinking water from the end of the 4th week to the end of
10th week post-infection. Untreated mice were allowed to
drink normal water.
All mice were sacriﬁced at the end of 10th week post-infec-
tion; the liver tissues were rapidly excised from dissected mice.
Small parts of the liver were immediately ﬁxed in some ﬁxa-
tives for histopathological studies and large parts were stored
at 20 C until used in physiological studies. 0.3 g of hepatic
tissues was homogenized, using a Teﬂon homogenizer, in
3 ml saline solution (0.9% NaCl). A part of the homogenate
of each sample was centrifuged at 3000 rpm for 15 min. Some
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ers were measured in the supernatant.
2.3. Biochemical studies
Determination of total antioxidant capacity was performed by
the reaction of antioxidants in the sample with a deﬁned amount
of exogenously provided hydrogen peroxide (H2O2). The anti-
oxidants in the sample will lack a certain amount of the pro-
vided hydrogen peroxide. The residual H2O2 is determined
colorimetrically by an enzymatic reaction which involves the
conversion of 3,5,dichloro-2-hydroxyl benzensulphonate to a
colored product (Koracevic et al., 2001). The activity of super-
oxide dismutase (SOD) was measured following the method of
Nishikimi et al. (1972) which relies on the ability of the enzyme
to inhibit the phenazine methosulphate-mediated reduction of
nitroblue tetrazolium dye. Catalase (CAT) activity was mea-
sured according to method of Aebi (1984). Brieﬂy 0.1 ml of
supernatant was added to a cuvette containing 1.9 ml of
50 mmol/l phosphate buffer (pH 7.0). The reaction was started
by the addition of 1 ml of freshly prepared 30 mmol/L H2O2.
The rate of decomposition of H2O2 was measured spectropho-
tometrically by changes in absorbance at 240 nm. The activity
of CAT was expressed as units/mg protein. Reduced glutathi-
one (GSH) was measured according to the method of Ellman
(1959). An equal quantity of homogenate was mixed with
10% trichloroacetic acid and centrifuged to separate the pro-
teins. To 0.1 ml of this supernatant, 2 ml of phosphate buffer
(pH 8.4), 0.5 ml of 5,50-dithiobis-(2-nitrobenzoic acid) and
0.4 ml of double distilled water was added. The mixture was
vortexed and absorbance read at 412 nm within 15 min. The
concentration of reduced glutathione was expressed as mg/g tis-
sue. Lipid peroxidation was estimated by measuring the liver
TBARS as malondialdehyde which was estimated by the meth-
od of Ohkawa et al. (1979). Brieﬂy, 0.2 ml of liver homogenate,
0.2 ml of 40% sodium dodecyle sulphate, 1.5 ml of 20% acetic
acid (prepared in 0.27 M of HCl) and 1.5 ml of 0.5% thiobarbi-
turic acid were added. The mixture was heated for 60 min at
95 C in a temperature controlled water bath to give the end
product with a pink color. The mixture was then centrifuged
at 3500 rpm for 10 min. Finally, absorbance of the supernatant
layer was read spectrophotometrically at 532 nm. The TBARSTable 1 Effect of green tea on liver antioxidant defense system, oxida
in Balb/C mice. Group A: naı¨ve control; Group B, green tea group; G
green tea treated group.
Parameters Groups
A
T. antioxidant capacity (nM/g tissue) 0.52 ± 0.09
SOD (U/g tissue) 4.40 ± 0.48
Catalase (U/g tissue) 7.08 ± 0.53
GSH (mg/g tissue) 5.1 ± 0.79
TBARS (nmol/g tissue) 113.9 ± 15.6
Total protein (mg/g tissue) 9.8 ± 1.1
AST (U/g tissue) 15.1 ± 2.10
ALT (U/g tissue) 95.8 ± 11.54
Data are expressed as mean ± SE. Number of mice in each group is eigh
P< 0.05*, P< 0.01**, P< 0.001***: signiﬁcant, highly signiﬁcant and v
P< 0.05+, P< 0.01++, P< 0.001+++: signiﬁcant, highly signiﬁcant acontent was calculated by using their molar extinction coefﬁ-
cient factor equal 1.56 · 105 M1 cm1. Activities of alanine
aminotransferase (ALT) and Aspartate aminotransferase
(AST) in the liver homogenate were assayed spectrophotomet-
rically according to Reitman and Frankel (1957) using Sigma
Diagnostic kits (USA).
2.4. Histopathological and histochemical studies
Liver tissue samples of all groups were immediately ﬁxed after
animal dissection in 10% formalin, Bouin’s and Carnoy’s ﬁx-
atives, dehydrated and processed for parafﬁn sectioning. For
histopathological examination, sections were stained with
Mallory triple stain. For histochemical detection of polysac-
charides and total protein levels, sections derived from Carnoy
and formalin-ﬁxed samples, were stained with Periodic Acid-
Schiff (PAS) and bromophenol blue methods, respectively
(Carson, 1997). Stained sections were examined and photo-
graphed using Olympus light microscope.
2.5. Statistical analysis
Results were subjected to Student’s t-test using SPSS program
version 8 to determine the signiﬁcance of the data. Data are ex-
pressed as mean ± standard error. Values with P< 0.05,
P< 0.01 and P< 0.001 are signiﬁcant, highly signiﬁcant
and very highly signiﬁcant, respectively.
3. Results
The data in Table 1 showed the effect of green tea on hepatic
antioxidant capacity, superoxide dismutase and catalase activ-
ities, glutathione content, lipid peroxidation, and total protein
content as well as AST and ALT activities.
The total hepatic antioxidant capacity was signiﬁcantly
(P< 0.01) suppressed in S. mansoni-infected mice. The treat-
ment of infected animals with green tea induced a non-signiﬁ-
cant increase (P> 0.05) in total antioxidant capacity. The S.
mansoni-infected mice also exhibited a signiﬁcant decrease in
hepatic SOD activity, catalase activity and glutathione content
as compared with control mice. The treatment of infected ani-
mals with green tea produced a non-signiﬁcant increasetive stress and total protein content, and AST and ALT activities
roup C, S. mansoni infected control group; Group D, infected and
B C D
0.55 ± 0.11 0.31 ± 0.08** 0.37 ± 0.07
4.90 ± 0.47 3.48 ± 0.36** 3.90 ± 0.27
6.80 ± 0.40 4.80 ± 0.49*** 5.90 ± 0.24
5.20 ± 0.87 3.50 ± 0.86** 4.60 ± 0.27
106.9 ± 16.1 199.9 ± 20.8*** 146.5 ± 13.8+
9.3 ± 1.89 4.9 ± 0.95*** 7.1 ± 0.68
14.4 ± 1.93 10.2 ± 1.55*** 11.6 ± 1.97
92.3 ± 8.36 74.7 ± 8.64*** 75.4 ± 4.21
t.
ery highly signiﬁcant as compared to group A.
nd very highly signiﬁcant as compared to group C.
Figure 1 Photomicrograph of a liver section of S. mansoni-
infected non-treated mouse showing hepatic necrosis particularly
around blood vessels. Note the disorganized hepatic strands and
necrotic hepatocytes characterized by vacuolar cytoplasmic
degeneration and increasing in number perivascularly. Mallory
triple stain (bar = 100 lm).
Figure 2 Enlarged part of a liver showing a portal vein (PV) with
perivascular necrotic hepatocytes characterized by cytoplasmic
degeneration, karyorrhexis (arrows) and karyolysis (arrowheads)
(bar = 50 lm).
Figure 3 Enlarged part of a liver showing a central vein (CV)
with perivascular necrotic hepatocytes characterized by cytoplas-
mic degeneration, karyorrhexis (arrows) and karyolysis (arrow-
heads) (bar = 50 lm).
Figure 4 Photomicrograph of a liver section of S. mansoni-
infected non-treated mouse showing a large portal vein with
perivascular abundant collagenous ﬁbers (blue color) and disor-
ganized hepatic strands. Mallory triple stain (bar = 50 lm).
Figure 5 Photomicrograph of a liver of S mansoni-infected,
green tea-treated mouse showing a remarkable reduction in
hepatic necrosis and well organized hepatic strands with amelio-
rated hepatocytes, Mallory triple stain (bar = 100 lm).
Figure 6 Enlarged part of a liver showing a central vein (CV)
with perivascular ameliorated hepatocytes (bar = 50 lm).
Figure 7 Photomicrograph of a liver section of S mansoni-
infected non-treated mouse showing a depletion in total protein
level, particularly in the perivascular hepatocytes. Bromophenol
blue stain (bar = 100 lm).
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content.
Lipid peroxidation or TBARS level was signiﬁcantly
(P< 0.001) elevated in S. mansoni-infected mice and was sig-
niﬁcantly decreased (P< 0.05) as a result of treatment with
green tea. The liver total protein content and AST and ALT
activities were signiﬁcantly (P< 0.001) decreased in S. man-
soni-infected mice. The treatment of infected animals with
green tea produced no signiﬁcant effect (P> 0.05) on these li-
ver parameters.
In comparison with the control Balb/C mice, the infected
mice treated with green tea exhibited a signiﬁcant decrease
(P< 0.01) in the total antioxidant capacity, catalase, totalprotein and ALT levels. However, while the lipid peroxidation
was signiﬁcantly increased (P< 0.01), the SOD activity was
Figure 11 Photomicrograph of a liver of S. mansoni-infected,
green tea-treated mouse showing hepatic lobules with well
organized hepatic strands and ameliorated hepatocytes which
approximately restored the normal total protein level, Bromophe-
nol blue stain (bar = 100 lm).
Figure 12 Enlarged part of a liver showing both central vein
(CV) and portal vein (PV) with ameliorated hepatocytes having
restored total protein level (bar = 50 lm).
Figure 8 Enlarged part of a liver showing a central vein (CV)
and most perivascular hepatocytes with reduced total protein
indicating cytoplasmic degeneration (bar = 50 lm).
Figure 9 Photomicrograph of a liver section of S. mansoni-
infected non-treated mouse showing hepatic lobules with disorga-
nized hepatic strands and most hepatocytes with reduced total
protein level, Bromophenol blue stain (bar = 100 lm).
Figure 10 Enlarged part of a liver showing a portal vein (CV)
and most hepatocytes with aggressive reduction in total cytoplas-
mic protein (bar = 50 lm).
Figure 13 Photomicrograph of a liver section of S. mansoni-
infected non-treated mouse showing a depletion in glycogen level
of most hepatocytes. PAS stain, (bar = 100 lm).
Figure 14 Enlarged part of a liver showing a central vein (CV)
and hepatocytes with aggressive reduction in glycogen level which
increased dramatically toward the central vein (bar = 50 lm).
Figure 15 Photomicrograph of a liver section of S. mansoni-
infected non-treated mouse showing hepatic lobules with most
hepatocytes having reduced glycogen level, PAS stain
(bar = 50 lm).
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mice treated with green tea as compared with the control
group.
Figure 17 Photomicrograph of a liver of S. mansoni-infected,
green tea-treated mouse showing many ameliorated hepatic
lobules and most hepatocytes with partial restoration of normal
glycogen level, PAS stain (bar = 100 lm).
Figure 18 Enlarged part of a liver showing both central vein
(CV) and portal vein (PV) with ameliorated hepatocytes having
partially restored glycogen level (bar = 50 lm).
Figure 16 Enlarged part of a liver showing a central vein (CV)
and most hepatocytes with a complete depletion in glycogen level
(bar = 50 lm).
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mansoni-infected mice exhibited extensive cell necrosis, partic-
ularly perivascularly around central and portal veins, charac-
terized by complete cytoplasmic vacuolar degeneration,
karyorrhexis and karyolysis (Figs. 1–3). Hepatic strand disor-
ganization and abundance in collagenous ﬁbers were also ob-
served (Fig. 4). Treatment of S. mansoni-infected mice with
green tea resulted in apparent amelioration of most hepato-
cytes, particularly around blood vessels, as well as decrease
in perivascular collagenous ﬁbers (Figs. 5 and 6). However,
some hepatocytes still exhibit cytoplasmic degeneration.
Histochemical assessment of total protein content using
bromophenol blue staining indicated that treatment of S.
masoni-infected mice with green tea led to restoration of pro-
tein level in most hepatocytes (Figs. 11 and 12) which was
obviously depleted in infected non treated animals (Figs. 7–
10). So does the glycogen level, which was greatly reduced inthe infected mice (Figs. 13–16) was apparently restored in most
hepatocytes of green tea-treated animals (Figs. 17 and 18).4. Discussion
Infection by S. mansoni not only triggers the production of
reactive oxygen species in mouse liver but also leads to the
alteration of antioxidant defenses (El-Sokkary et al., 2002).
This elucidation was evidenced, in the present study, by an ele-
vation of lipid peroxidation as an oxidative stress marker and a
decrease in total antioxidant capacity and levels of glutathione
content and antioxidant enzymes including SOD and catalase
in liver of S. mansoni-infected Bulb/C mice. These results go in
parallel with many other studies. El-Sokkary et al. (2002),
Mahmoud et al. (2002) and Ahmed and Mostafa (2003) indi-
cated that lipid peroxidation was increased while glutathione
content as well as SOD and catalase activities were decreased
in liver of S. mansoni-infected mice. However, in disagreement
with this study, Abu-El-Saad (2006) reported no change in cat-
alase activity in S. mansoni-infected mice.
The present study indicated the incidence of necrosis in
most hepatocytes of infected mice, was characterized by cyto-
plasmic degeneration, karyorrhexis and karyolysis. There are
strong evidences that the deteriorated antioxidant defense sys-
tem and exacerbated production of free radicals or reactive
oxygen species and lipid peroxides play an important role in
liver pathology in schistosomiasis (Muriel, 1997; Ahmed and
Allam, 2003). Lipid peroxides have been traditionally thought
to be the major effect of free radicals. Lipid peroxidation prod-
ucts impair the physicochemical properties, ﬂuidity and integ-
rity of cell membrane and lead to damage and cell necrosis
(Satyapal et al., 2008; Dobrzynska et al., 2008). There is also
accumulating evidence suggesting that kupffer cells may be
implicated in the pathogenesis of various liver diseases includ-
ing alcoholic diseases, intrahepatic cholostasis, liver ﬁbrosis
and infectious diseases. They may act both as effector cells
in the destruction of hepatocytes by producing harmful soluble
mediators and as antigen presenting cells during liver infection
(Kolios et al., 2006). In liver injury and hepatocellular necrosis,
activated kupffer cells are a major source of inﬂammatory
mediators including cytokines, superoxide, nitric oxide, eicosa-
noids, chemokines, lysosomal and proteolytic enzymes and
demonstrate increased cytotoxicity and chemotaxis (Valatas
et al., 2004). It has been shown also that free radicals from
NADPH peroxidase in Kupffer cells play a predominant role
in hepatic pathogenesis (Kono et al., 2000).
The decrease in the levels of liver SOD (responsible for dis-
mutation of superoxides to peroxides; Somani et al., 1997) may
lead to excess superoxide radicals which may interact with
hydrogen peroxides and organic peroxides with generation of
highly reactive entities that can attack DNA, membrane lipids
and other essential cell components (Fridovich, 1978). This
interprets depletion of total protein level as well as glycogen le-
vel explored in most hepatocytes, particularly those around
blood vessels. The decrease in the activity of CAT, the enzyme
responsible for decomposition of peroxides (Tafazoli and
O’Brien, 2005) and decrease in total antioxidant capacity and
reduced glutathione content leads to exacerbation of free rad-
icals. Thus, based on the results of this study, it can be con-
cluded that there was a disturbance in the balance between
production of reactive oxygen species and antioxidant defenses
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mansoni-infected Balb/C mice.
The decrease in the levels of cytoplasmic enzymes AST and
ALT and total protein content in liver in the present study may
reﬂect (is due to necrosis in most hepatocytes as indicated in
this study) the occurrence of necrosis with increased leakage
of these enzymes from hepatocytes to blood and replacement
of normal liver tissue by granuloma lesions around entrapped
schistosome eggs. This hypothesis was supported by data of
other investigators who found high elevations of AST and
ALT activities in serum of S. mansoni-infected mice and schis-
tosomal patients with hepatosplenomegaly or decompensation
of liver cirrhosis (Fahim et al., 2000; Mahmoud et al., 2002).
These changes found in this study are in accordance with those
of other authors (Awadalla et al., 1975; Ahmed and Mostafa,
2003; Ahmed and Allam, 2003) who reported a decrease of
AST and ALT in liver homogenate of S. mansoni-infected
mice.
The treatment of S. mansoni-infected Balb/C mice with
green tea extract from the 4th week post-infection to the end
of the experiment successfully decreased the elevated hepatic
lipid peroxidation. This improvement in lipid peroxidation
was associated with a non-signiﬁcant increase in the liver total
antioxidant capacity, SOD activity, catalase activity and gluta-
thione level. Based on these results, it can be suggested that
treatment of S. mansoni-infected mice with green tea may sup-
press oxidative stress by scavenging activities of its antioxidant
constituents rather than by affecting endogenous antioxidant
defense system. This suggestion is supported by Velayutham
et al. (2008), Kang et al. (2010) and El-Beshbishy et al.
(2010) who reported that green tea contains polyphenols, spe-
ciﬁcally catechins which are efﬁcient scavengers of peroxide,
singlet oxygen, nitric oxide and peroxynitrite.
In conclusion, the study explored that the green tea suc-
ceeded to suppress the exacerbated oxidative, which may be
due to oxy-radical scavenging capacities of its own constitu-
ents, but failed to signiﬁcantly improve the liver function
and integrity.References
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